Introduction
Allergic contact dermatitis (ACD) is a type IV (delayed) hypersensitivity reaction. It is both host and hapten specific. The clinical presentation of ACD is that of an eczematous eruption, which may be acute, subacute, or chronic. In acute cases, the skin may show erythema, microvesiculation, and edema. The rash of poison ivy is the prototypical example of an acute ACD. Chronic cases tend to feature more dryness, scaling, and thickening of the skin. The infraumbilical plaque of nickel ACD related to belt buckle exposure is a commonly noted example of chronic ACD.
The primary means of diagnosing contact allergy is patch testing and the first line of management is allergen avoidance. By definition, contact allergy should resolve with complete avoidance of the driving contactant. However, clinical experience shows that not all patients with positive patch test results will improve with avoidance recommendations.
The persistence of signs and symptoms at follow-up raise several questions. Are the positive reactions noted on patch testing relevant to the patient's current dermatitis? Did the patient receive and understand adequate education to allow for complete allergen avoidance? Did the patient consistently adhere to the recommended avoidance protocol? Are there routes of allergen exposure that the patient and physician are not aware of? Is complete avoidance a reasonable expectation? Are the patient's signs and symptoms in part or fully the result of an etiology other than ACD?
It has been suggested that when sufficient avoidance protocols fail, a practical next step in management is to redirect efforts under the premise of "dermatitis of unclear etiology" [1] . Taking this step back in clinical assessment allows the physician to consider the above questions while adjuvant therapeutic measures are considered.
Determining relevance of positive reactions
Evaluating the relevance of a positive patch test reaction is often considered the most difficult and intricate part of the patch testing process [2, 3] . Detailed narratives for standard allergens are available through the American Contact Dermatitis Society's Contact Allergen Management Program (CAMP). Commercial suppliers of allergens for patch testing also provide allergen information. These educational materials on the occurrence of each allergen in the environment should be reviewed with the patient while determining the relevance of positive reactions. The patient's history should be explored, to determine if exposure is known or plausible, and to determine whether the current site, course, and history of relapses are consistent with the known or potential exposure. It is important to try and separate out positive test results that are not currently relevant and represent past sensitization, from those that are associated with the presenting dermatitis.
Avoidance protocols
It is important to consider the ability and desire of the patient to strictly adhere to avoidance. Jamil and colleagues recently reviewed the ability of patients to recall their patch test results over a 10-year period. They found that while 79 % of patients recalled that they had a positive result, only 29 % of patients correctly recalled the actual allergen. It was also noted that as the number of positive reactions increased, patient recall decreased [4•]. These findings highlight the importance of patient education. If patients do not understand their condition and the nature of the environmental triggers, it will be very difficult, if not impossible, for them to sufficiently avoid the necessary contactants.
Information on personal protective equipment is a critical part of avoidance protocols. For example, patients with ACD of the hands will often fail to improve if they do not understand and employ appropriate glove use.
While the therapeutic effects of diet in contact dermatitis is controversial, systemic avoidance protocols may be required in some patients. This is best established in patients that are highly reactive to nickel or balsam of Peru. In these cases, dietary restriction has been noted to translate into improved clinical outcome.
Considering multifactorial disease
If ACD shows an unusually recalcitrant course despite adequate allergen avoidance, the correctness of the diagnosis must be questioned. Dermatitis is a clinical phenotype that may be the result of exogenous factors, endogenous factors, or both. The term "hybrid dermatitis" has been used to describe patients in whom there are both endogenous and exogenous driving factors. When managing patients with ACD showing suboptimal clinical outcomes, it is important to consider potential confounding factors or alternative (or potentially co-existing) diagnoses such as irritant contact dermatitis, atopic dermatitis, seborrheic dermatitis, dyshidrosis, stasis dermatitis, xerosis, nummular dermatitis, and neurodermatitis.
Pharmacologic adjuvants for symptomatic control Antihistamines
Antihistamines are generally well tolerated and an often overlooked adjuvant therapy in the management of ACD. First generation H1 antagonists such as hydroxyzine lend not only pruritus relief, but also a degree of sedation, which when dosed in the evening can help restore much needed lost sleep related to severe itching. The less sedating second-generation H1 antagonists such as loratadine or cetirizine are more suited for daytime dosing.
Immunomodulatory and anti-proliferative drugs
Topical and systemic corticosteroids Topical and systemic corticosteroids are the mainstay in the symptomatic treatment of eczematous reactions including ACD. Corticosteroids inhibit T cell activation and leukocyte migration.
Topical hydrocortisone was first introduced in 1950 and first described by Sulzberger et al. for the treatment of skin diseases in 1951 [5] . Today, topical corticosteroids are the most commonly prescribed topical medications in the outpatient setting [6, 7] . Topical corticosteroids are grouped based on their relative potency into one of seven groups, with class-I being super potent and class-VII being the least potent (Table 1 ) [8] . Structural classification is another method of categorization for corticosteroids, with the five-class system being the most commonly used (Table 2 ) [9] , and an alternative three-class system has been recently introduced in which groups are based on reactive properties, as well as structural methylation and halogenation [57] .
There are several studies evaluating the effectiveness of various corticosteroids in the management of ACD, demonstrating good-quality evidence for the use of moderate to high-potency steroids for symptomatic management of ACD [10] . Fluticasone 0.05 % propionate has been shown to be effective in reducing nickel-induced contact allergy [11] . A similar study in patients with nickelinduced contact allergy was able to show that clobetasone butyrate 0.05 % [12] . Clobetasol propionate 0.05 % ointment has also been shown to effectively ameliorate the signs and symptoms of experimentally induced Rhus dermatitis [13] . While topical corticosteroids clearly show utility in management of ACD, there are mixed results as to their utility in irritant contact dermatitis [14] . There is good evidence that lipid-rich moisturizers alone may be as effective in the management of pure irritant contact dermatitis [10] .
Severe widespread ACD may necessitate a course of systemic corticosteroids. Despite the often rapid and dramatic improvement with systemic corticosteroids, the potential for multiple systemic side effects and high recurrence rate with drug cessation limit therapy.
Topical and systemic calcineurin inhibitors
Topical and systemic calcineurin inhibitors may also be considered for management of recalcitrant ACD. Pimecrolimus 1 % cream and tacrolimus 0.03 % and 0.1 % ointment are both topical immunosuppressive agents capable of inhibiting T-lymphocyte and dendritic cell activation. Both have been shown to inhibit both ICD and ACD [15] . They offer a unique topical option for steroid sparing treatment of ACD. Katsarou 0.1 % ointment in allergic contact hand eczema. In a prospective randomized study, they compared tacrolimus 0.1 % ointment to mometasone furoate 0.1 % ointment in patients with chronic hand eczema and a positive patch test, and found that the clinical response was similar in both groups [16•] . Topical tacrolimus has also been used with success in the management of ACD of the eyelids [17] , and has shown the ability to suppress nickel-elicited ACD [18, 19] . In a study that compared pimecrolimus 1 % cream, tacrolimus 0.1 % ointment, clobetasol propionate 0.05 % ointment, and triamcinolone acetonide 0.1 % ointment, the four agents were found to be equal in their ability to suppress experimentally induced nickel contact dermatitis [20] . Similarly, topical pimecrolimus has been reported as a successful treatment for ACD with genital involvement [21] . However, while both tacrolimus and pimecrolimus are felt to be equipotent in suppressing the elicitation phase of ACD, pimecrolimus may be less effective in preventing the sensitization phase [22, 23] . This difference does not appear to have clinical relevance. In addition to suppression of Tlymphocyte and dendritic cell activation, topical calcineurin inhibitors have been shown to have anti-pruritic effects that have been attributed to the inhibition of inflammatory cytokines. Studies have shown that sensory nerve fibers show a release of neuropeptides and degranulation of mast cells mediated by tacrolimus and pimecrolimus similar to that seen with capsaicin [24] . This may explain not only the antipruritic effects, but also the potential adverse effects; some patients note describing a burning sensation or pruritus with treatment initiation.
Cyclosporine is a systemic calcineurin inhibitor that is often effective at inducing a rapid resolution of the signs and symptoms of ACD. This can be particularly useful in patients with severe generalized dermatitis needing to undergo evaluation with patch testing, but in whom other measures have failed to clear their dermatitis sufficiently to allow testing [25] . The effectiveness of cyclosporine in some cases of ACD is illustrated by its effectiveness in parthenium dermatitis, which is ACD driven by the weed Parthenium hysterophorus. Parthenium dermatitis is characteristically refractory in nature. Lakshmi et al. reported two patients with parthenium ACD who showed a dramatic improvement in refractory pruritus by day 10 of treatment with cyclosporine [26] . Cyclosporine has also been used to treat chronic hand dermatitis, but with somewhat underwhelming results [27] . More information on the use of cyclosporine for refractory dermatitis can be drawn from the literature with respect to the management of severe atopic dermatitis (AD). Here, cyclosporine is considered a first-line systemic option for short-term control of moderate to severe AD [28] . Cyclosporine has been shown to be effective in the systemic management of moderate to severe AD in several randomized clinical trials. A mean clinical improvement in severity between 53 % and 95 % was noted in different clinical severity scores after short-term treatment (10 days to 8 weeks) [29] [30] [31] [32] . Superior efficacy to prednisolone, IVIg, and NB-UVB has also been noted in head-to-head studies [28] .
Azathioprine
Azathioprine is a systemic immunosuppressive agent. It was originally manufactured as a pro-drug for 6-mercaptopurine in 1957 to treat the rapidly proliferating cells of cancer by inhibiting DNA synthesis. This effect on proliferating cells was noted to have the added benefit of a fairly selective therapeutic option for disease processes in which T cell and B cell overactivity was a problem. The benefit of azathioprine in dermatitic processes is well known, and it is considered a second-line systemic option for moderate to severe AD [28] .
Azathioprine undergoes a complex metabolism involving the enzyme thiopurine methyl transferase (TPMT). While a large majority of patients show high activity levels of TPMT, one in 300 patients will have very low levels. These patients will have markedly increased levels of 6-thioguanine metabolites and an increased risk of pancytopenia. This variation must be kept in mind when dosing azathioprine, and enzyme levels are checked prior to starting therapy.
The majority of the literature regarding ACD and azathioprine is derived from patients with Parthenium dermatitis. De and colleagues recently reviewed the safety and efficacy of azathioprine versus methotrexate (as a steroid sparing agents) for patients with ACD driven by Parthenium hysterophorus. They noted that both azathioprine and methotrexate are effective and safe steroid-sparing agents, but that methotrexate may have achieved a more rapid control [33] . Azathioprine has also been noted to be as effective, but with less adverse effects when compared to systemic corticosteroids (betamethasone) in the management of Parthenium dermatitis [34] . It has also been suggested that weekly pulse dosing of azathioprine may be effective for ACD [35] .
Methotrexate
Methotrexate is a strong competitive antagonist of the enzyme dihydrofolate reductase, which is the enzyme responsible for conversion of dihydrofolate to tetrahydrofolate. Tetrahydrofolate is a necessary co-factor in the production of thymidylate and purine nucleotides needed for DNA and RNA synthesis. The net result is inhibition of cell division, which affects the proliferation of lymphocytes, thereby yielding immunosuppressive and anti-inflammatory effects.
Similar to azathioprine, much of the working knowledge of methotrexate use in severe refractory ACD is derived from the AD literature. Schram et al. conducted the first randomized controlled trial in 2011 to demonstrate efficacy of methotrexate in treatment of AD. They performed a study of 42 adult AD patients randomized to either methotrexate 10 mg weekly, or azathioprine 1.5 mg/kg/day for 12 weeks. Patient dosing was titrated upward until either 25 % reduction in disease activity was achieved, or the maximum dose allowed in the study (22.5 mg/week methotrexate, 2.5 mg/kg/day azathioprine) was reached. The two medications performed similarly in a number of disease severity measures, including SCORAD (SCORing Atopic Dermatitis), IgE (immunoglobulin E), EASI (Eczema Area Severity Index), and serum TARC (Thymus and activation-regulated chemokine). Patients treated with methotrexate showed a significant improvement of 42 % in SCORAD at 12 weeks, whereas patients treated with azathioprine showed a 39 % improvement [36, 37] . Sharma published the results of 16 patients treated with methotrexate who were diagnosed with Parthenium dermatitis, confirmed by patch or photopatch testing. These patients were refractory to treatment with potent topical corticosteroids. Patients received methotrexate 15 mg/week with folic acid 5 mg/daily. Only seven patients followed up96 months. The majority of the patients who followed up (six) noted an early improvement with a decrease in disease severity after 1 month [38] .
Methotrexate has also been reported to show partial or complete clearance in chronic dyshidrotic eczema in five patients treated with doses ranging from 12.5 to 22.5 mg/week [39] .
Mycophenolate mofetil and mycophenolic acid
Mycophenolate mofetil (MMF) is an immunosuppressant originally isolated as a fermentation product of Penicillium stoloniferum in 1986 [40••] . It is typically well tolerated and felt to be less toxic than azathioprine, and more acceptable for long-term use than cyclosporine. The most common adverse effect is dosedependent gastrointestinal complaints such as nausea, diarrhea, and abdominal cramps. There is a black box warning regarding first trimester pregnancy loss and congenital malformations, in addition to increased infections and lymphoma risk.
There is even less literature concerning treatment of ACD and AD with MMF. However, a few studies do exist that indicate efficacy in the treatment of AD. The majority of participants in a restrospective chart review of 20 adults with refractory AD treated with MMF showed improvement, and 50 % showed complete clearance [41] . Heller et al. reported 14 pediatric patients with AD treated with MMF where more than 50 % attained 90 % improvement without major adverse effects [42] . Waxweiler reported that two-thirds of AD patients treated with MMF showed significant improvement [43] .
Phototherapy (UVA, UVB, and Grenz)
Narrowband ultraviolet light (UVB) has been shown experimentally in mice to suppress contact hypersensitivity reactions [44] . UVB has been used effectively in the management of ACD of the hands [45] , and is a mainstay in the management of moderate to severe AD. Psoralen photochemotherapy (PUVA) is less commonly utilized now that UVB units are widely available, easier to use, and have less potential adverse effects. However, PUVA has been used to treat virtually all types of hand dermatitis, including ACD [46] . It allows for deeper penetration and may be more efficacious when compared to UVB treatment for hand dermatitis [47] . Topical PUVA therapy has been associated with a greater frequency in phototoxic reactions [48] .
Superficial X-ray therapy and Grenz ray therapy (GRT) are two types of ionizing radiation that have been used to treat inflammatory skin conditions such as chronic hand dermatitis. While studies have shown combination superficial X-ray therapy and topical therapy is more efficacious than topical therapy alone for chronic hand eczema [49, 50] , support for GRT has been mixed, with one study showing no benefit over placebo in chronic hand eczema [51] . However, a study of six subjects with patch-test-confirmed type IV hypersensitivity to nickel was able to demonstrate that GRT on the back prior to repeat patch testing could suppress the clinical manifestation of a positive patch test [52] . It has also been reported that while GRT may not improve irritant contact dermatitis [53] , patients with ACD that are poorly responsive to topical corticosteroids may see an improvement with the combination of GRT and topical corticosteroids when compared to topical treatment alone [54, 55] . A cross-sectional survey mailed to patients treated with GRT between 1990 and
